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AN ELECTRON MICROSCOPE STUDY OF CORNIFICATION
IN THE HUMAN SKIN*
ARWYN CHARLES, M.Sc., PH.D.
The cornification of the epidermal cells is the
process which forms the relatively inert, protec-
tive, outer barrier of the body surface. It is a
process in which the epidermal cells, passing from
the basal layers to the surface, first change their
shape and then quite suddenly lose their cellular
organization and become the flattened uniformly
filled cells of the horny layers. The chemistry and
histochemistry of cornification has been much
studied (17, 13, 6), and one cannot but marvel
how the originally heterogeneous cell contents
come to form such an apparently uniform end-
product. It is not the purpose of this paper to
discuss and decide between the various views at
present held, but only to give an account of the
morphological changes associated with cornifica-
tion as seen in the electron microscope.
In a short paper Laden et al. (7) have described
electron microscopic observations of the kerato-
hyalin granules, and have related them to keratin
formation. Recently Selby (18) has published
more extensive observations of the superficial
layers of skin.
MATERIAL AND METHODS
For Figs. 1 and 2 biopsy material was obtained
from the flank of a 48-year female using 2 per
cent procaine as local anesthetic. This skin was
regarded as normal, although it came from close
to the edge of a warty nevus which was being
excised. The material for Figs. 4 to 9 was normal
skin obtained from the extensor surface of the
forearm of a 31-year man during excision of an
implanted epidermoid cyst. Both these materials
were in the fixative within eight to ten minutes
of the procaine injection.
The material for Fig. 10 was normal skin re-
moved under general anesthesia from the scalp
of a 48-year man, fixation commencing about 20
mm. after excision.
The technics of fixation, embedding and sec-
tioning have been described (5), and accord with
standard practices.
* From the Departments of Dermatology and
Biomolecular Structure, Leeds University, Leeds,
England.
Received for publication December 15, 1958.
RESULTS
As the Malpighian cells approach the granular
layer they become flattened (Fig. 1). Subse-
quently granules of electron-dense keratohyalin
appear in the cytoplasm of the cells which are
then regarded as part of the granular layer, shown
in Fig. 2. Here the dense keratohyalin is unmis-
takably apparent, and it is a fair interpretation
of its appearance to say that it is a substance
which has been deposited on the tonofibrils. This
is especially well suggested along the tonofibrils
(tfs) which traverse the cell almost from one side
to the other. In the enlarged part of the figure
near arrow A, shown as Fig. 3A, the tonofibrils
have the appearance of being ensheathed by the
dense keratohyalin, through which they run as a
less dense central core. The lighter lines appearing
in the keratohyalin are therefore probably em-
bedded tonofibrils.
The lower outline of the cell, with tonofibrillar
prickles, is easily distinguishable. The upper out-
line is next to a cell (sc) which is cornifying and
collapsing into the fully-formed horny squame.
This cell is much vacuolated and consequently
has a sponge-like construction; also the substance
forming within it is much less dense in appearance
than keratohyalin.
Cells at this spongy stage appear to show some
change in their wall. This is well seen at the
prickle arrowed B, enlarged as Fig. 3B, because
here the walls of adjacent cells are seen as light
lines with a dark region between forming the
area of adhesion. This is the reverse of the usual
appearance of the prickle (5), as may also be
seen by comparing (p). Contact is maintained
between the spongy cell and the granular layer
by the persistence of the areas of adhesion, such
attachment persisting also between the cells of
the upper horny layers. Once it is broken, how-
ever, the less electron-dense wall seems to become
covered with a substance of about the same elec-
tron-density as keratohyalin, so that the sepa-
rated wall of such a cell consists of an inner light
line, and an outer dark one (Fig. 3C); the elec-
tron-dense substance also lines the vacuoles in
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ABBREVIATIONS USED
cw, cell wall; hl, horny layer; kh, keratohyalin; mit, mitochondria; n, nucleus; p, prickle; pn, prickle
nodule; sc, spongy cell.
FIG. 1. Cells of the upper epidermis. The cells at lower left are ordinary Malpighian-layer cells, above
which occur flattened Malpighian cells, then cells of the granular layer containing keratohyalin, and
finally, at the top right-hand corner, a cell of the horny layer. The unknown bodies can be seen at (x)
>< 9,000
FIG. 2. Cells of the granular and horny layers. Keratohyalin forms a sheath around the tonofibrils at
(tfs), the light lines (1) probably representing the fibrils; this region, indicated by arrow A, is enlarged
as Fig. 3A. Arrow B indicates a prickle enlarged in Fig. 3B, in which the cell wall remnants appear as
less-electron-dense lines (p1) with a darker region (pd), the point of intercellular adhesion, between.
Note the increased electron-density of the two upper horny layers. >< 17,500.
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FIG. 3. A, B, and C are enlargements from the previous figure, in the legend of which A and B have
been described. C is the prickle indicated by arrow C, and shows the deposition of dense material (dm)
on the cell wall and on the surfaces of the intercellular vacuoles. The cell wall is distinguishable as a
light line inside the dense material, and is absent in the vacuoles. D is enlarged from Fig. 9, and shows
the persistence of the intercellular attachments in fully cornified squames. A, B, C X 39,500; D X 20,000.
FJG. 4. A nuclear remnant (nr) in a cornifying cell. The heavy, nearly vertical, black lines are arti-
facts, being creases in the section. X 6,000.
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FIG. 5. A nuclear remnant is shown at the stage where it is beginning to blend with extra-nuclear ma-
terial. Interlocking cell ends are shown in the horny layers at (le). Cells (a) and (b) are discussed in
the text. X 6,000.
FIG. 6. Surface section through a cell of the granular layer. The nucleus shows a clumping of its
nucleoplasm at the periphery, while prickles at the edge of the cell already appear as prickle nodules
(pn). X 8,500.
the spongy cell, but here no inner lighter line contents as the spongy cell, while the yet higher
can be seen, layers of horny cells show a density again approx-
Above the spongy cell are two newly formed imating to that of keratohyalin.
squames showing the same less-electron-dense Figs. 4 and 5 show many more layers of cor-
,
1-
 
4 
JOURNAL OF INVESTIGATIVE DERMATOLOGY
  
CORNIFICATION IN HUMAN SKIN 69
FIG. 7. Showing an extensive network of keratohyalin. The cell is outlined by prickle nodules less
dense than keratohyalin. X 8,500.
FIG. 8. Showing further development of the network of cornification products, part of which, at the
upper right corner, has compacted. The density of the material is now somewhat less than that of kera-
tohyalin granules in an adjacent cell. The lighter lines running nearly vertically down the figure are
sectioning artifacts. X 4,300.
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FIG. 9. Fully cornified cells in surface section. The prickle nodules are distinguishable as they have
not fused with the material derived from the rest of the cell; at (pns) they have fallen out of the sec-
tion. The persistence of the original prickles as points of attachment of the squames is shown at arrow
D, enlarged as Fig. 3D. X 4,500.
FIG. 10. Surface section of mature squames showing the cell-wall outline and fibrous contents. X
48,000.
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nified cells. The overlapping of the layers, and
the interlocking ends of the cells, are clearly
seen, and it is interesting to note how a horny
cell (a) in Fig. 5, which because of its spongy
appearance is presumably the younger, sometimes
occurs above a cell (b) which from its smoothly
compacted appearance would be presumed the
older. These two figures also illustrate the changes
undergone by the nucleus during cornification,
and the way in which it will ultimately blend
with the substance derived from the cytoplasm.
It will be observed in Fig. 4 that in the cell, which
has not yet flattened, containing the nuclear rem-
nant the precipitating contents, though not mark-
edly different in form from keratohyalin, are
slightly less dense than the keratohyalin seen in
the adjacent cell.
It is an advantage to examine the cornification
process in surface section also, because of the
larger area of cell observable from this direction.
In Fig. 6 is shown a granular layer cell contain-
ing keratohyalin. The nucleus shows distinct signs
of degeneration, the nucleoplasm, particularly at
the periphery, tending to clump. At the cell mar-
gin, presumably because of changes occurring at
the periphery during cornification, the prickles
are seen to have formed nodules, which will be
found again later in the fully cornified squames.
The keratohyalin progressively increases in
amount (Fig. 7) but still retains its density, as
seen by comparison with the granules of the ad-
jacent cell. In this figure the degenerate nucleus
had an odd appearance, showing a dense core
with less-dense material adhering peripherally.
Prickle nodules sharply outline the cell, and are
clearly less dense than the keratohyalin.
As the keratohyalin network becomes heavier
it begins to lose its density, and may now best be
referred to as a network of cornification products
which, as seen in Fig. 8, is a little less electron-
dense than the keratohyalin granules in the ad-
jacent cell, and is well compacted in the upper
right corner of the figure. A large space still sur-
rounds the nuclear remnant, and cornified prickles
are observable as nodules.
Fully cornified squames are shown in Fig. 9.
The interlocking outlines of the cells are seen, as
also the circular outlines of the cornified prickle
nodules, which in some places have fallen out of
the section. Contact between adjacent squames is
maintained at the original prickles, as shown by
an enlarged view of the arrowed region (Fig. 3D),
and also by Selby (18). The differing densities of
the squames are explicable from previous observa-
tions as being caused by their differing stages of
maturity; the rough appearance of their contents
is probably due to distortion which occurs during
the sectioning, the more mature squames being
presumably more friable. Occasionally fibrillar
material is seen in the mature squames (Fig. 10).
In a previous paper (5) the presence of un-
known ellipsoid-shaped bodies occurring in the
epidermal cells has been remarked upon. These
bodies are shown in Figs. 1 and 2, and are about
120 mi x 70 m in size. Only rarely is it possible
to detect any structure within them, and then it
is of an unspecific nature.
DISCUSSION
The electron microscope shows that morpho-
logically cornification is a continuous process in
which the cell flattens perpendicularly to the skin
surface, and its content gradually changes, pro-
gressively precipitates, and finally compacts.
Keratohyalin granules seem to have no special
function in this process, being merely the first
precipitation from the cytoplasm. Such a sug-
gestion, of course, is difficult to maintain when
the granules are known to show neither sulfhydryl
nor disulfide groups by the Barrnett-Seligmann
reaction (12). Nor is it easy to accept if one is
aware of the distinctive appearance of trichohya-
lin granules in the hair, and the way these gran-
ules suddenly and completely disappear during
cornification (unpublished observation). In path-
ological skin, for example wart and psoriasis,
smooth globular granules of presumed kerato-
hyalin appear in the cell well in advance of its
cornification, in a manner reminiscent of tricho-
hyalin (unpublished observation). It is difficult
to explain why keratohyalin should be more
electron-dense than the substance which follows
it, though this density difference gradually dis-
appears, being finally eliminated at an advance
stage in cornification. There is not one observa-
tion which has shown a dense granule of kerato-
hyalin embedded in the less dense substance, an
observation which, if it had been made, would
have indicated a difference of composition of
keratohyalin and the substance. It is possible,
therefore, that the environment in which the
cornification product is first precipitated is such
that the precipitate absorbs some substance or
substances which become responsible for both the
masking of the chemical groups and for the
greater electron-density of the keratohyalin. That
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there is such an absorbable, or adsorbable, sub-
stance is suggested by the dense lining to the
walls and vacuoles in Fig. 3C, but I am unable
to say what it is. The keratohyalin granules have,
of course, been extensively examined for the sub-
stance they contain, with contradicting results,
among which Nadel and Wodinsky (14) list the
presence (19), or absence (8), of iron, the prcsence
(8) or absence (19) of calcium and magnesium,
and the presence (9) or absence (8) of ribonucleic
acid; in addition Nadel and Wodinsky themselves
show the absence of alkaline phosphatase, the
presenee of which had previously been shown (8).
The loss of electron-density of keratohyalin as the
cornification of the cell progresses is almost cer-
tainly not intrinsic, being due only to a change in
the osmium-staining ability. This contention is
supported by the observed tendency of older
squames to increase in electron-density (Fig. 2).
In Ornstein's (15) view, however, the density
changes would either be real, or be due to ab-
sorbed lipid. It is interesting to observe that the
reversal of densities which takes place in the inter-
cellular attachment points as they mature has its
counterpart in the fibrils of the hair cortex, where
Birbeck and Mercer (4), using Bahr's (3) observa-
tions that osmium reacts strongly with cysteine.
or cystine, suggest that the denser region may
have a higher cysteine content.
A few observations which were made on post-
mortem finger pad skin revealed no unique char-
acteristic in the stratum lucidum. The layer itself
as classically recorded may be simply the micro-
scopic observation of the less dense post-spongy-
cell layers, made visible by the increased number
of such layers which accompanies the general
thickening of the horn on the palmar and plantar
surfaces. This less-dense region is easily seen in
Figs. 2, 4, and 5, but since it usually consists
only of one or two layers it would probably be
overlooked in the light microscope. It is possible
therefore that the stratum lucidum represents
only a morphological aspect of the cornification
process.
The formation of nodules at the periphery of
the cornifying cell, due to early changes involving
the tonofibrils near the prickles, agrees with
Szodoray's observations (20); while the changes
of unknown nature which occur in the originally
delicate cell wall or membrane so that it is some-
times observable even in the fully cornified cell
(Fig. 10) agrees with the work of Matoltsy and
Balsamo (10), which shows the highly resistant
nature of the cell wall of the horny layers to
chemicals. Tonofibrils have not been observed
embedded in the peripheral nodules, as they were
in the keratohyalin of Fig. 2, and the lighter
colour of the peripheral cornification, well shown
in Fig. 7, is interesting. It would seem that the
'nodular' cornification of the periphery is distinct
from that of the rest of the cell because these
nodules appear not to fuse with the other cor-
nified material, as shown by their tendency to fall
out of the section in Fig. 9. It may perhaps repre-
sent an intrafibrillar fusion of the tonofibrillar
sub-fibrils (the tonofilaments, 18), such as seems
to occur in the hair cortex (4). Thus it may be
that 'hard' keratins are formed by keratinization
—that is, the incorporation of 'supplementary'
sulfur to bind fibrous protein chains (1, 2)—of
the tonofibrils, with little or no interfibrillar ma-
terial, as occurs in hair cortex (unpublished ob-
servation), while 'soft' keratins have the kera-
tinized tonofibrils mixed with varying proportions
of products formed from the protoplasm during
cellular cornification, with which products kerato-
and trichohyalin are frequently associated. Thus
we have the distinction Flesch (6) makes between
keratinization and differentiation, and it may be
convenient to call the combined keratinizing and
non-keratinizing material the corneoplasm.
It is reasonable to suppose that biochemical
reactions of various kinds have been going on in
the cell to form precursors some time before these
precursors become complex enough to precipitate
out of the cytoplasm during cornification. So far
little can be said about the precursors beyond the
fact that the thiol groups which disappear as the
cell cornifies are inadequate to account for the
—S--—S-— groups which appear.
While a great deal remains unknown about the
chemistry of cornification the almost invariable
absence of mitochondria from the granular layers
of the epidermis strongly suggests that in the
later stages (those observed in the electron micro-
scope), the process is one which does not require
energy. The absence of mitochondria would be of
no consequence if energized phosphate substances
could diffuse into the cornifying cell, but this
would seem unlikely because, as has been seen,
the cell wall undergoes a change in cells which
are still some way from being fully cornified, and
this change may possibly be linked with the
anion-impermeable boundary thought to be
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formed in this region (17, p. 12; however, see also
11). Although therefore the formation of the
corneoplasm is a protein synthesis, which cer-
tainly should need energy, the process is perhaps
best regarded either as a protein transformation,
or as a linking up of macromolecular precursors,
the original cell proteins, or the precursors, be-
coming changed into a specialized and resistant
end-product. Such processes may involve little
energy change, although the synthesis of the pre-
formed units in the active cells of the Malpighian
layer may have required an appreciable amount
of energy, which then becomes stored in the
units. Certainly cornification is a process of the
greatest interest when we consider the wide vari-
ety of proteins and other materials originally
present which apparently transform into the
homogeneous-looking corneoplasm; the nucleus
and the cytoplasm cornify separately, yet the
separate products later merge and are indistin-
guishable. It is only in abnormal skin that hetero-
geneous structures can be detected within the
horny scales; presumably in normal skin materials
like melanin are largely broken down and re-
moved as the epidermal cells pass upwards from
the basal layer, leaving only a basic protoplasmic
structure to undergo the final transformation.
As was correctly adduced by Pease (16) the
cohesion of the horny layers is dependent on the
remnants of the original prickles, or intercellular
points of contact. In pathological skin these are
frequently ruptured, apparently because the light
central part of the prickle has been dissolved. In
Darier's disease corps ronds are formed because
isolated cells appear unable to form prickles; in
some cases prickles have been formed on only
part of the cell wall (unpublished observations).
The teiiacious adhesion of scales in psoriasis seems
entirely ascribable to material in the intercellular
oedema which gums the dry scales, because
prickle formation is, if anything, weaker than in
normal cells (unpublished observation).
No suggestion can be made concerning the
function of the unknown bodies shown in Figs. 1
and 2. In Darier's disease there is an indication
that they are formed by the aggregation of smaller
particles (unpublished observation) but even if
this should prove so it tells us nothing of their
function.
SUMMARY
A description is giveii of the changing appear-
ance of cells in the cornifying layers of the epi-
dermis of human skin observed in the electron
microscope. Beginning with the appearance of
keratohyalin, the continuous precipitation of in-
soluble material is followed until the fully cor-
nified squame is formed. Two separate processes
seem to occur, of which one is probably keratini-
zation in the sense used by Astbury and Dickin-
son, and defined in this paper; the other seems to
result in non-fibrillar material, and, strictly, is
possibly not a keratinization.
I am indebted to Professor W. T. Astbury,
F.R.S., and Dr. K. M. Rudall, for their very
helpful criticisms and discussions. My thanks are
due to Mr. A. E. Wall, Neurosurgeon at the Leeds
General Infirmary, for providing material.
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